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We review the superembedding approach to M-branes and Dp-branes, in its
form based on the universal (D and p-independent) superembedding equation,
and its recent application in searching for supersymmetric and Lorentz covari-
ant description of multiple Dp–brane systems. In particular, we present the
structure of the multiple D0-brane equation as follows from our superembed-
ding description and show that it describes the dielectric effect firstly noticed
by Emparan and then by Myers. We also discuss briefly the relation with the
boundary fermion approach by Howe, Lindstro¨m and Wulff.
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1 Introduction
Supersymmetric extended objects, super–p–branes [1, 2, 3, 4, 5, 6, 7, 8, 9], play a very
important roˆle in String/M–theory [10, 11] and its ADS/CFT applications [12, 13]. The
ground states of a D–dimensional super-p-branes (superstring for p = 1, supermembrane
for p = 2) can be identified with the supersymmetric solutions of the corresponding
supergravity theories [14]. The most interesting are the solutions of the maximal D = 11
supergravity and type II D = 10 supergravities appearing as low energy limit of type II
superstring theories. The p-brane dynamics can be described by supersymmetric actions
[1, 2, 4, 6, 7, 8, 9] or in the frame of superembedding approach [15, 3, 5, 16, 17, 18, 19].
In this contribution we give a review of superembedding approach to super–p–branes
[15, 3, 5, 16, 17, 18, 19, 20, 21] in D=10 and D=11 superspaces and its recent applica-
tion in search for the supersymmetric and Lorentz covariant (diffeomorphism invariant)
description of the multiple brane systems [22]. In the part devoted to superembedding
description of a single brane our emphasis will be on the superembedding description
of Dirichlet super–p–branes (Dp–branes) (in contrast with the already existing review
[19]). We begin by this case and then turn to the superembedding description of M2- and
M5-brane.
The part devoted to multiple branes contains the results on multiple D0–brane system,
which is to say multiple D-particles, which were briefly reported in [22]. We argue that,
to describe the multiple Dp-brane system, it is natural to try to put an additional SU(N)
gauge superform on the worldvolume of a single Dp-brane and impose a suitable set
of superspace constraints on their (super)field strength 2-form. If consistent, such a
system provides, at least, an approximation of nearly coincident Dp-brane with the very
low energy of the relative motion, but with the nonlinear (‘complete’) Dirac-Born-Infeld
description of the dynamics of the center of mass and of the U(1) gauge field related to
it. We show that such a consistent description, going beyond U(N) Super-Yang-Mills (or
Matrix model) approximation does exist at least for the case of multiple D0-brane system
[22]. We discuss the structure of the multiple D0-brane equation which follows from the
superembedding approach and show that it possesses the dielectric effect firstly noticed
by Emparan [23] and then by Myers [24].
Discussing the meaning of our results, we describe possible deformation of our basic
equations and the relation with the boundary fermion approach by Howe, Lindstro¨m
and Wulff [25, 26]. This latter approach does provide supersymmetric and covariant
description of Dirichlet branes, but on the ’classical’ (or ’menus one quantization’ level)
in the sense that to arrive at the description of multiple brane system in terms of the
variables corresponding to the standard single Dp–brane action [4, 6, 7] (usually considered
as a classical or quasi-classical action) one has to perform a quantization of the boundary
fermion sector.
1.1 D-branes and multiple D-brane systems
The first appearance of D-branes (Dirichlet p-branes) is dated by late 80th, when they
were found as surfaces where the fundamental string can end [27, 28, 29, 30]. Although in
the first quantized string model they appeared as flat hyperplanes, it was clear that these
surfaces must be dynamical in string theory. Indeed, as far as the open string theory
contains closed string sector and this contains gravity in its quantum state spectrum,
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nondynamical surfaces cannot exist in String theory as the spacetime itself is dynamical
in it.
However, the special importance of D-branes for String/M-theory [10, 11] was widely
appreciated in middle 90th, after it was discovered [31] that Dp-branes carry Ramond-
Ramond (RR) charges i.e. that they interact with the antisymmetric tensor gauge fields
Cp+1, Cp−1, . . . with respect to which the fundamental strings is neutral. In particular,
this made clear that Dp–branes are described by supersymmetric p-brane solutions of
extended N = 2 (type II) D=10 supergravity, which had been found for any even/odd
value of p in type IIA/IIB case and included a nonvanishing solution for Cp+1 RR gauge
field equations.
It was quickly appreciated that the low energy dynamics of multiple Dp-brane system
is described by the maximal supersymmetric d = p+1 gauge theory with the gauge group
U(N) in the case of N D-branes [32]. The investigation of this limit was already quite
productive [33]. In particular, it allowed to formulate the conjecture of M(atrix) theory
which states that the Matrix model [34], which can be considered as a theory of multiple
D0-brane system, could provide a nonperturbative description of the M-theory.
The nonlinear supersymmetric action for a single Dp-brane was constructed in [35] for
p = 2 and in [4, 6, 7] for general p 2. It contains the nonlinear Dirac–Born–Infeld (DBI)
term [32, 35, 37] and the Wess–Zumino (WZ) term describing the coupling to RR gauge
fields Cp+1, Cp−1, . . . [38]. Notice that this explains why, e.g. the odd p Dp-branes cannot
exist in type IIA case, where the supergravity multiplet contains only odd form gauge
potential, C2n+1 which can be coupled to even p super-p-branes (with odd dimension
d = p+ 1 of the worldvolume W p+1) through
∫
W p+1
Cˆp+1 (where hat implies pull–back of
the differential form to W p+1, see secs. 1.3 and 2.1 for the notation).
Even before the actions for generic Dp-branes were constructed in [4, 6, 7], the super-
symmetric equations of motion were derived in [3] by developing superembedding approach
[15] for the case of Dp-branes. Notice that the same story happened with M5-brane: its
equations of motion had been derived in [5] before the covariant and supersymmetric
action was constructed in [8] and, independently, in [9].
As far as the nonlinear action for multiple D-brane systems is concerned, it was ex-
pected that this should be described by some non-Abelian generalization of the DBI plus
WZ action. Tseytlin proposed to use the symmetric trace prescription to construct the
non-Abelian DBI action for the case of purely bosonic spacetime filling D-brane [39, 37].
Although the search for a supersymmetric generalization of such non-Abelian DBI
action has not been successful, in 1999 Myers used it as a starting point and, applying
a chain of dualities, derived the so-called ’dielectric brane action’ [24] which is widely
accepted for the description of multiple D-brane system. This action, however, does not
possess neither supersymmetry nor Lorentz symmetry. In spite of a number of attempts,
its Lorentz covariant and/or supersymmetric generalizations is not known in general,
although some progress was reached for the cases of low dimensions D, low dimensional
and low co-dimensional branes [40, 41].
In [25, 26] a very interesting, Lorentz covariant and supersymmetric description of
D-branes is given in the frame of boundary fermion approach. It implies the extension of
2The D-brane actions of [35] and [4, 6, 7] are complete up to terms containing the derivative of gauge
field strength; in other words, they include nonlinear effects but contain contributions of lowest order in
the derivatives of the field strength of the worldvolume gauge field only. Higher derivative corrections to
this DBI+WZ actions are expected [36].
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spacetime/superspace by new fermionic coordinates of the type introduced in [43] as fields
leaving at the end point of the open string. Upon quantization the boundary fermions
of [43] are replaced by Dirac matrices and reproduce the Chan-Paton factors in the open
string amplitudes. In the approach of [25, 26] one also have to quantize the boundary
fermion sector to arrive at the description of multiple Dp–brane system similar to the
standard description of single Dp–brane in [3, 4, 6, 7]. In this sense the approach of
[25, 26] can be called minus one quantization of Dp–brane. We will comment more on
this approach in the concluding section of our review.
As far as the superembedding approach shown its efficiency in derivation of Dp-brane
and M5-brane equations, it looks natural to apply it in the search for equations of motion
for the multiple Dp-brane system. In this review we describe the results which this
procedure gives for the simplest case of multiple D0-brane system [22].3
1.2 Contents
This review is organized as follows. After establishing our basic notation (a secs. 1.3 and
2.1), we begin (in Sec. 2) by describing the basic equations of the superembedding ap-
proach including the superembedding equation which essentially determines the dynamics
of M-branes and D-branes (for a sufficiently large co-dimension D − p > 4).
In Sec. 3 we give a very brief review of superembedding approach to single Dp-branes
for arbitrary p, with particular emphasis on D0-brane case. In Sec. 4 we describe a
more complicated cases of M2- and M5-brane where the construction of superembedding
approach inevitably involves introduction of spinor moving frame variables (spinor har-
monics) in additional to the moving frame variables. In sec. 5 we first argue in favor of
the idea to search for the description of multiple Dp-brane systems by trying to define a
possible nonlinear generalization of the non-Abelian SYM multiplet by some set of con-
straints on the Dp-brane worldvolume superspace W(p+1|16) the embedding of which in
the type II target superspace Σ(10|32) is determined by superembedding equation.
Then, turning to the case of multiple D0-brane, we propose the d=1 N = 16 SYM
constraints which express its field strength in terms of nanoplet of su(N) valued superfields
Xi obeying a superembedding–like equation DαX
i = (σ0iΨ)α. The leading component
of this superfield, appearing in the expression for the dimension 1 (spinor-spinor) field
strength of the SU(N) gauge (super)fields, Gαβ = σ
i
αβX
i, describes the relative motion of
N D0-brane constituents of the system. We show that our constraints lead to interacting
supersymmetric equations of motion, which, in the case of flat target superspace, can be
also obtained by dimensional reduction of a non-Abelian D=10 Super Yang–Mills (SYM)
theory to d = 1 (the system which was used to define the Matrix model).
3Notice that the boundary fermion approach [25, 26] also uses a kind of superembedding formalism,
but with embedding of a superspace with boundary fermion directions into spacetime [25] or into the
standard superspace [26]. Thus for a sufficiently large N the number of fermionic directions of the
worldvolume superspace exceeds 32, which is the fermionic dimension of the target type II superspace
Σ(10|16+16). In this respect the boundary fermion approach is similar to the superfield description of the
NSR (Nevieu–Schwarz–Ramond) or spinning string, where the worldsheet superspace with two fermionic
directions is embedded into spacetime (zero fermionic directions). In this review we are dealing with
the standard superembedding approach, in which the worldvolume superspace has twice less fermionic
directions than the target superspace (16 versus 32 for 10 dimensional D-branes and 11 dimensional
M-branes).
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However, the superembedding approach is also able to produce multiple D0-brane
equations in an arbitrary type IIA superspace supergravity background (and, to our best
knowledge, it is not clear how to reproduce these equations just by SYM dimensional
reduction). We analyze the general algebraic structure of the bosonic equations of motion
for the multiple D0-brane in general type IIA supergravity background, which follow
from our superembedding approach, and show that these describe the Emparan–Myers
’dielectric brane’ effect [23, 24] of polarization of multiple Dp-brane system by external
higher form fluxes, i.e. shows the coupling of multiple D0-brane system to the higher
form gauge fields, which do not interact with a single D0-brane.
We conclude by discussion on our results, on possible generalizations of our approach
and its relation with the boundary fermion approach by Howe, Lindstro¨m and Wulff
[25, 26], and also on interesting directions for future study.
1.3 Basic notations
1.3.1 Target superspaces of D-branes and M-branes
We denote the local coordinates of D=11 and type II D=10 superspace by
ZM = (xµ , θαˇ) , αˇ = 1, . . . , 32 , µ = 0, 1, . . . , (D − 1) (D = 10, 11) (1.1)
and supervielbein form by
EA := dZMEM
A(Z) = (Ea, Eα) ,
{
α = 1, . . . , 32 ,
a = 0, 1, . . . , (D − 1) (D = 10, 11) . (1.2)
We find convenient, following [42], to use different symbols the D–component bosonic
bosonic and for the 32-component fermionic supervielbein forms: Ea := dZMEM
a(Z) and
Eα := dZMEMα(Z), respectively.
The supervielbein (1.2) describes supergravity when it obeys the set of superspace
constraints [44, 45, 46, 47] the most essential of which are collected in the expression for
the bosonic torsion two form
T a := DEa = −iE ∧ ΓaE , E ∧ ΓaE := Eα ∧ ΓaαβEβ . (1.3)
Here and below we write explicitly the exterior product symbol ∧. 4 In the 11D case
Γaαβ = (Γ
aC)αβ = Γ
a
βα where Γ
a = (Γa)α
β is the 11D Dirac matrix and C is 11D charge
conjugation matrix, which are imaginary in our mostly minus notation
ηab = diag(+,−, . . . ,−) . (1.4)
For D = 10 type II cases it is convenient to split the fermionic supervielbein in two
16 component Mojorana-Weyl spinor 1-forms
Eα =
{
(Eα1 , E2α ) for type IIA
(Eα1 , Eα2) for type IIB
(1.5)
4The exterior product of a q-form Ωq and a p-form Ωp has the property Ωq ∧ Ωp = (−1)pqΩp ∧ Ωq if
at least one of two differential forms is bosonic; when both are fermionic, an additional (−1) multiplier
appears in the r.h.s.. The exterior derivative acts on the products of the forms ‘from the right’: d(Ωq ∧
Ωp) = Ωq ∧dΩp+(−1)pdΩq ∧Ωp. In particular, T a := DEa = dZM ∧DEMa(Z) so that Eq. (1.3) implies
DMEN
a(Z)− (−1)ǫ(M)·ǫ(N)DNEMa(Z) = +2i(−1)ǫ(N)EMΓaEN , where ǫ(M) is the Grassmann parity of
ZM , ǫ(a) = 0, ǫ(α) = 1.
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In this notation the mains supergravity constraints (1.3) read
T a := DEa = −i(E1 ∧ σaE1 + E2 ∧ σ˜aE2) for type IIA , (1.6)
T a := DEa = −i(E1 ∧ σaE1 + E2 ∧ σaE2) for type IIB , (1.7)
where σa := σaαβ = σ
a
βα and σ˜a := σ˜
αβ
a = σ˜
βα
a , are D = 10 Pauli matrices which obey
σaσ˜b + σbσ˜a = 2ηab = diag(+,−, . . . ,−) , σaα(βσaγδ) ≡ 0 , σ˜aα(β σ˜aγδ) ≡ 0 . (1.8)
2 Superembedding equation as a basis of superem-
bedding approach to D-branes and M-branes
Following the so–called STV approach to superparticles and superstrings [48, 49]5 the
superembedding approach [15, 3, 5, 16, 19, 20, 21] describes the dynamics of super-p-
brane in terms of embedding of a worldvolume superspace into the target superspace.
2.1 Worldvolume superspaces W (p+1|16)
The target superspaces of Dp branes (M-branes) were described in sec. 1.3. Their world-
volume superspaces W(p+1|16) have d = p + 1 bosonic and 16 fermionic dimensions. We
denote the local coordinates of W(p+1|16) by
ζM = (ξm, ηαˇ) , m = 0, 1, .., p , αˇ = 1, ..., 16 . (2.1)
The embedding ofW(p+1|16) into the D = 10 type II (D = 11) target superspace Σ(10|16+16)
(Σ(11|32)) can be described in terms of coordinate functions ZˆM(ζ) = (xˆm(ζ) , θˆαˇ(ζ)),
W (p+1|16) ∈ Σ(D|32) : ZM = ZˆM(ζ) = (xˆm(ζ) , θˆαˇ(ζ)) , (2.2)
D = 10, 11, m = 0, 1, .., (D− 1), αˇ = 1, ..., 32.
2.2 The superembedding equation
A particular beauty of the superembedding approach consists in that, for all known su-
perbranes, the embedding of the worldvolume superspace into the target superspace is
characterized by a universal equation which is called the superembedding equation. This
geometrical equation (the name ’geometrodynamic equation’ was used in [49]) restricts
the coordinate functions ZˆM(ζ) and, in some cases, completely determines the dynamics
of superbrane.
To write the most general form of this superembedding equation let us denote the
supervielbein of W (p+1|16) by
eA = dζMeM
A(ζ) = (ea , eα) , a = 0, 1, . . . , p , α = 1, . . . , 16 , (2.3)
5 STV abbreviates the family names of Dmitri Sorokin, Vladimir Tkach and Dmitri Volkov, the authors
of [48]. These approach to description of Brink-Schwarz superparticles and Green-Schwarz superstring
was also called ’twistor-like’. See [19] for the review and more references and [50, 51] for related studies
of the connection between Brink–Schwarz and spinning superparticles aimed to relate spinning (NSR)
string and Green–Schwarz superstring already at the classical level. This line was further continued in
[52].
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and write the general decomposition of the pull–back of the supervielbein EA(Z) of target
superspace, Eq. (1.2), to W(p+1|16), EˆA := EA(Zˆ), on this basis,
EˆA := EA(Zˆ) = dZˆMEM
A(Zˆ) = ebEˆ Ab + e
αEˆα
A . (2.4)
Notice that the coincidence of the notation α, β for the 10D Majorana–Weyl spinor indices
of the chiral supervielbein forms of the target type II superspace (E1,2 in (1.5)) and for
the indices enumerating the fermionic supervielbein of the worldvolume superspace is
not occasional and is acceptable because, among the D = 10 objects, we will discuss
D-branes but not fundamental strings (F1-branes). We will comment on this more in
the next section. In sec. 4 devoted to M-brane we change the notation and substitute a
multiindex αq for α in Eqs. (2.3), (2.4).
The superembedding equation states that the bosonic supervielbein form has zero
projection on the worldvolume fermionic supervielbein form. This is to say, it reads
Eˆα
a := ∇αZˆM EMa(Zˆ) = 0 , ∇α := eMα (ζ)∂M , ζM = (ξm, ηαˇ) . (2.5)
It can be also presented in an equivalent form of
Eˆi := Eˆaua
i = 0 , (2.6)
where u ia = u
i
a(ζ) are (D−p−1) spacelike, mutually orthogonal and normalized D-vector
superfields,
u iau
a j = −δij . (2.7)
Eq. (2.6) means that ua
i are orthogonal to the worldvolume superspace. We can complete
their set till a complete moving frame by adding d = (p + 1) mutually orthogonal and
normalized D-vector superfields u ba = u
b
a (ζ) which are tangential to the worldvolume
superspace,
u aa u
a i = 0 , u aa η
abu bb = η
ab ,
{
a, b = 0, 1, . . . , p ,
a , b = 0, 1, . . . , (D − 1) . (2.8)
Their contraction with the pull–back Eˆa of the target superspace bosonic supervielbein
Ea provides us with a set of d = (p + 1) linearly independent nonvanishing one-forms,
which can be used as bosonic supervielbein of the worldvolume superspace,
Eˆa := Eˆbu ab = e
a . (2.9)
This ea is referred to as (super)vielbein form induced by the (super)embedding. Consid-
ered together, Eqs. (2.6) and (2.9) imply
Eˆa = ebu ab . (2.10)
This is one more equivalent form of the superembedding equation. Indeed, Eqs. (2.9)
and (2.6) can be obtained contracting (2.10) with ua
a and ua
i respectively. On the other
hand, decomposing (2.10) on the worldvolume supervielbein one arrives at the original
form (2.5) of the superembedding equation. As a by-product on this way one derives the
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expression for the moving frame vectors u b
a(ζ) in terms of the (linear combination of the)
bosonic derivatives of the coordinate functions,
ub
a = Eˆb
a := DbZˆ
M(ζ)EM
a (Zˆ(ζ)) . (2.11)
To obtain the consequences of the superembedding equation one can study its inte-
grability (selfconsistency) conditions
0 = DEˆi = Tˆ aub
i + eb ∧ u ab Duai = −iEˆ ∧ ΓaEˆ ubi + eb ∧ u ab Duai . (2.12)
To this end one has to define the SO(1, D−1) and SO(D−p−1) connection, Ωbc = −Ωcb =
dζMΩbcM and Ω
ij = −Ωji = dζMΩijM , entering the SO(1, D−1)×SO(1, p)×SO(D−p−1)
covariant derivatives
Dua
b := dua
b + ωa
bub
b + ua
cΩc
b and Dua
i := dua
i + ωa
bub
i + ua
jΩji (2.13)
acting on the moving frame superfields and superforms in (2.12).
2.3 Moving frame and induced connection on W (p+1|16)
Notice that the orthogonality and normalization conditions for the moving frame vectors
ua
b and ua
j imply that the D×D matrix U composed of their components, which we call
moving frame matrix, is pseudo–orthogonal (UηU
T
= η), i.e. Lorentz group valued
U (b)a :=
(
u ba , u
i
a
) ∈ SO(1, D− 1) . (2.14)
These moving frame vectors (also called Lorentz harmonics, see [53] as well as [15, 19, 20]
and refs. therein) can be used to construct the SO(1, p) and SO(9 − p) connections on
the worldvolume superspace. In the case of flat target superspace these would be given
by the corresponding Cartan forms ucadu bc and u
aidu ja . In the case of curved target
superspace one has to use the pull–back of the spin connection to make the definition
SO(1, 9) covariant. It is convenient to write the definition of the connections implicitly,
using the SO(1, D − 1) × SO(1, p)× SO(D − p − 1) covariant derivatives action on the
moving frame vector, Eqs. (2.13),
Dub
a = ub
iΩai , Dub
i = ubaΩ
ai . (2.15)
Both equations in (2.15) involve the 1–form Ωai. This generalizes the SO(1,9)
SO(1,p)⊗SO(8−p)
covariant Cartan form and obeys the generalized Peterson-Codazzi equations
DΩai = Rˆ
ai
, Rˆ
ai
:= (uRˆu)ai := Rˆcbu ac u
i
b , (2.16)
where Rˆcb is the pull–back of the curvature of the corresponding type II target superspace.
The curvatures of the induced SO(1, p) and SO(9 − p) connections, rab = −rba and
Gij = −Gji, are defined, as usually, by Ricci identities, e.g. DDuba =: Rˆbcuca − ubbrba,
DDub
i =: Rˆb
cuc
i+ ub
jGji. Using (2.15) and (2.16) one finds the following generalizations
of the Gauss and Ricci equations (see [15])
rab = (uRu)ab + Ωai ∧ Ωbi , Gij = (uRu)ij − Ωai ∧ Ωaj . (2.17)
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Now we can further specify the integrability condition (2.18) for the superembedding
equation (2.6):
0 = DEˆi = −iEˆ ∧ ΓbEˆ ubi + eb ∧ Ωbi . (2.18)
Decomposing Ωbi on the worldvolume supervielbein, Ωbi = eαΩα
bi + ebΩa
bi we see that
(2.18) involves only antisymmetric part Ω[a b]
i of the bosonic coefficient, while its symmet-
ric part,
Ω(a b)
i = Ka b
i := −D(aEˆb)c uci , (2.19)
remains free on this stage. The last equality in (2.19) is derived using Eq. (2.11). Ka b
i
can be recognized as the (superfield generalization of the) second fundamental form of the
worldvolume superspace considered as a surface in the target superspace. Then the gener-
alized Cartan form (1–form) gives a superform generalization of the second fundamental
form Kab
i. 6
To move further we have to impose one more conventional constraint to determine
the fermionic supervielbein form of the worldvolume superspace eα. This latter, although
excluded from the decomposition of the pull–back of the bosonic supervielbein by the su-
perembedding equation (2.5), does enter the decomposition of the fermionic supervielbein
Eα = eβVβα+eaψαa which is involved in the selfconsistency condition (2.12) and also in the
expression for the torsion 2-form of the induced geometry of the worldvolume superspace,
Dea = −iEˆ ∧ ΓbEˆ uba . (2.20)
The fermionic supervielbein form eα of the worldvolume superspace W (p+1|16) can also
be induced by superembedding. At this stage, when studying the case of M-branes and
fundamental string, one has to introduce one more notion: the spinor moving frame
variables or spinorial Lorentz harmonics [15] (used before in studying superparticles [54,
55] and twistor-like spinor moving frame action for superstrings and super-p-branes [56]).
These objects which are used to relate the worldvolume superspace fermionic supervielbein
with the pull–back of its target superspace counterpart, eα = EβVβα, will be discussed in
Sec. 4 devoted to the superembedding approach to M-branes.
Surprisingly, the case of Dp-brane happens to be simpler in the sense that one can
escape the necessity to introduce the notion of spinor moving frame, at least at this stage.
This is why we begin a more concrete part of our review of the superembedding approach
from the case of D-branes.
3 Superembedding approach to Dp-branes.
The superembedding approach to Dp–branes was used to describe their dynamics in [3] ,
were it was shown that the superembedding equation was shown to produce their equations
of motion some monthes before the generic nonlinear DBI+WZ action was found in [4, 6,
6This is 0-form, but has a natural bosonic one-form representation as eaKab
i. The term ’second
fundamental form’ does not refer to differential forms, usually associated with antisymmetric tensors; it
is from the language of the classical surface theory where the term ’first fundamental form’ refers to the
metric. See refs. in [15].
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7]7. It was further studied in [16], where, in particular, the explicit form of the Dp-brane
fermionic equations was derived for the first time (for the particular case of D4-brane
these might be extracted from the M5-brane fermionic equations which were presented
before in [5]). See [17, 18, 20] and references in [57, 21] for further development.
As it has been already noticed, basic equation of the superembedding approach to Dp–
brane is the superembedding equation (2.5) equivalent to (2.6). All the formulae of Sec.
2 are valid for this case so that we will continue by specifying the fermionic supervielbein
forms of the Dp-brane worldvolume superspace and using it to extract the consequences
of the superembedding equation.
3.1 Fermionic supervielbein induced by superembedding and
the first consequence of superembedding equation
When describing Dp-branes, it is convenient to identify eα with the pull–back toW (p+1|16)
of, say, the first of two target space fermionic supervielbein forms
eα = Eˆα1 . (3.1)
Then the general decomposition of the second fermionic supervielbein form reads{
Eˆ2α = e
βhβα + e
aχaα for IIA case ,
Eˆα2 = eβhβ
α + eaχαa for IIB case .
(3.2)
To resume,
Eˆα = (eα , eβhβα + eaχaα) for IIA case , (3.3)
Eˆα = (eα , eβhβα + eaχaα) for IIB case . (3.4)
Now we are ready to find the first nontrivial consequence of the superembedding
equation. Looking at the selfconsistency conditions (2.18) for superembedding equation
(2.6), we notice that the second term does not contribute to the lowest dimensional (dim
2, i.e. ∝ eβ ∧ eα) component of this differential form equation. Thus, substituting (3.3)
or (3.4) into Eq. (2.18) we find
hσ˜bhTub
i = −σbubi for type IIA , (3.5)
hσbhTub
i = −σbubi for type IIB . (3.6)
We can continue by studying the higher dimensional components of Eq. (2.18) and also
of the (conventional) equations for the fermionic supervielbein (3.2). On this way one
finds, in particular, that the field strength Fab of the worldvolume gauge field is related
to the spin-tensor h in the decomposition (3.2). However, it is technically much simpler,
using the knowledge on the very existence of the worldvolume gauge field, to introduce
its superform counterpart on the worldvolume superspace, to restrict it by a suitable set
of constraints and study their selfconsistency conditions.
7For the particular case of D2–brane the action had been found in earlier [35] by applying the d=3
scalar-vector duality to the M2–brane action [1].
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3.2 Constraints for the worldvolume gauge field.
The constraints for the worldvolume gauge (super)field strength of the Dp-brane can be
written as
F2 := dA− Bˆ2 = 1
2
eb ∧ eaFab , (3.7)
where Bˆ2 is the pull–back to the worldvolume superspace W
(p+1|16) of the type IIB NS-NS
superform potential B2. The field strength of this is restricted by the constraints which
can be collected in the following differential form expressions:
H3 := dB2 = −iEa ∧ (E1 ∧ σaE1 − E2 ∧ σ˜aE2) +
+
1
3!
Ec3 ∧ Ec2 ∧ Ec1Hc1c2c3 , for type IIA , (3.8)
H3 := dB2 = −iEa ∧ (E1 ∧ σaE1 − E2 ∧ σaE2) +
+
1
3!
Ec3 ∧ Ec2 ∧ Ec1Hc1c2c3 , for type IIB . (3.9)
The lowest dimensional of the nontrivial components of the Bianchi identity
dF2 = −Hˆ3 (3.10)
is ∝ eγ ∧ eβ ∧ ea, this is to say of dim 2. It implies
implies
hσbhTub
a = σbub
ckc
a for IIB ,
hσ˜bhTub
a = σbub
ckc
a for IIA ,
ka
b := (η + F )ac(η − F )−1cb . (3.11)
Notice that this equation relates the spin-tensor h, appearing in the decomposition of the
pull–back of the fermionic supervielbein form (3.2), and the bosonic gauge field strength
tensor superfield Fab = −Fba. One can easily check that the matrix k, constructed from
Fab as in (3.11), is SO(1,p) group valued, i.e. it obeys kηk
T = η [18, 57],
k = (η + F )(η − F )−1 ∈ SO(1, 9) . (3.12)
Further study shows that the system of superembedding equation plus the worldvol-
ume gauge field constraints (3.7) always contains the dynamical equations among their
consequences (and for p ≤ 5 Dp-branes [17] the superembedding equation along suffice
for this purposes). However, the details of derivation are p-dependent. As an example,
below we will give some details for the case of D0–brane which will be then used in Sec.
5. But before let us discuss a toy example: D(−1)-brane or D-instanton. What one can
obtain form the superembedding approach in this case?
3.3 A toy example: D-instanton (D(−1)-brane)
For instanton the dimension of the bosonic body of the worldvolume superspace is zero,
d = p + 1 = 0, so that this superspace is purely fermionic W (0|16). Its co-tangent super-
space basis contains the fermionic supervielbein eα only, all the spacetime directions are
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orthogonal to the worldvolume superspace so that the moving frame matrix is not needed.
Hence the superembedding equation for D-instanton reads
Eˆb = 0 . (3.13)
The fermionic supervielbein of the worldvolume superspace eα can be identified with
the pull–back Eˆα1 of Eα1, and the general decomposition of the pull–back Eˆα2 of Eα2
reads Eˆα2 = eβhβ
α. The selfconsistency conditions for the superembedding equation
implies vanishing of the pull–back of the target space bosonic torsion, 0 = Tˆ a = DEˆb =
−ieα ∧ eβ (σa + hσahT )αβ . This results in equation
hσahT = −σa (3.14)
which does not have solution in the case of real h. However, there is an imaginary solution,
hα
β = iδα
β . (3.15)
It implies that Eˆα2 = iEˆα1 and hence, as far as
Eˆα1 = −iEˆα2 = eα , Eˆα1 + iEˆα2 = 0 , (3.16)
that both tangent superspace and worldvolume superspace fermionic supervielbeins are
complex. This is in agreement with the well known fact that D-instanton implies Wick
rotation i.e. exists only in the Euclidean version of the type IIB theory, where the real 16
component Weyl spinor is inevitably complex (versus the existence of real Majorana-Weyl
spinor in the case of Lorentz 1+9 signature).
This seems to be the only result one can get from superembedding description of D-
instanton. It is not surprising as far as D-instanton has no dynamics: it is frozen to a
point of Euclidean spacetime (which is expressed by the statement that it is (−1)-brane).
3.4 D0-brane in superembedding approach
In the case of D0–brane, this is to say D-particle, there are nine space-like directions
orthogonal to the worldline and the tangent to the worldline gives a time-like directions,
so that the corresponding set of moving frame vectors (u0a , u
i
a) obeys
u 0a u
a0 = 1 , u iau
a0 = 0 . u iau
aj = −δij . (3.17)
The worldvolume superspace W (1|16) has only one bosonic direction, ea 7→ e0 and the
superembedding equation (2.10) (equivalent to (2.5)) reads
Eˆa = e0u a0 . (3.18)
The expressions (3.1) for the pull–backs of the fermionic supervielbein form simplifies to
Eˆα1 = eα , (3.19)
Eˆα
2 = eβhβα + e
0χα . (3.20)
It is convenient to write the selfconsistency conditions (3.5) for the superembedding equa-
tion (3.18) in the form of
hσ˜ihT = −σi (3.21)
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using the simplified notation
σ0αβ := σ
b
αβub
0 , σiαβ := σ
b
αβub
i . (3.22)
These are suggestive as far as the matrices (3.22) and σ˜0αβ := σ˜
b
αβub
0, σ˜iαβ := σ˜
b
αβub
i do
possess the algebraic properties of D=10 Pauli matrices. However, one should keep in
mind that they are not constant matrices but rather obey
Dσ0
αβ
= σi
αβ
Ωi , Dσi
αβ
= σ0
αβ
Ωi , (3.23)
where Ωi is the generalized Cartan form defined in (2.15). In this notation the the general
solution of Eq.(3.21) reads
hαβ = σ
0
αβ . (3.24)
This is the place to comment on the worldvolume gauge field constraints for the D0-
brane case (worldline gauge field). For the p = 0 the r.h.s. of Eq. (3.7) clearly vanishes
so that the constraints read
F2 := dA− Bˆ2 = 0 (3.25)
and the Bianchi identities (3.10) simplify to Hˆ3 = 0. Their only nontrivial consequence
reads
hσ˜0hT = σ0 (3.26)
Eq. (3.26) is satisfied identically by the general solution (3.24) of Eq. (3.21). This
shows that the gauge field constraints in the case of D0-brane are dependent, which is in
agreement with the known statement that the superembedding equation alone is sufficient
to describe dynamics in this case. On the other hand, to arrive at the equations of motion
in a simpler way, it is convenient to impose the gauge field constraints (3.25) on the field
strength of the worldvolume gauge field. Indeed, it is evident without any calculation
that the general solution of Eqs. (3.21) and (3.26) is given by (3.24).
Another consequence of the selfconsistency conditions for the superembedding equa-
tion (3.18) is that the generalized Cartan form Ωi in (3.23) is expressed by
Ωi = e0Ki − 2ieβ(σ0σ˜iχ)β (3.27)
in terms of fermionic superfield χα = Eˆ0α
2 and bosonic superfield
Ki := −uiaD0Eˆa0 , Eˆa0 := ∇0ZˆMEMa(Zˆ) . (3.28)
This latter is the superfield generalization of the mean curvatures of the particle worldline
in target space. The generalized Cartan form (3.27) gives the superform generalization
of this mean curvature for the case of D0-brane in type IIA superspace. It contains Ki
as a dim 1 and the fermionic χα = Eˆ0α
2 superfield as a dim 1/2 component; in this sense
χα is the superpartner of K
i. The bosonic and fermionic equations, which can be now
obtained from the selfconsistency condition for the fermionic Eq. (3.20), are formulated
in terms of these superfields.
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In flat target superspace the equations of motion imply vanishing of both χα and K
i,
χα := Eˆ0
2
α = 0 , K
i := −uiaD0Eˆ0a = 0 . (3.29)
In general type IIA supergravity background the fermionic equations of motion ac-
quires the r.h.s.
χα := Eˆ0
2
α = Λα (3.30)
defined by
Λα := (Λˆ1 − Λˆ2σ0)α , (3.31)
where Λˆ1α and Λˆ2
β are the pull–backs of the Grassmann derivatives of the dilaton super-
field,
Λα1 :=
i
2
(Dα1Φ) , Λ
α
2 :=
i
2
(Dα2 Φ) . (3.32)
are the pull–backs of the Grassmann derivatives of the dilaton superfield. The origin of
the r.h.s. in Eq. (3.30) is nonvanishing fermionic torsion of the target type IIA superspace
[47]
T α1 = −2iEα1 ∧ Eβ1Λβ1 + iE1σa ∧ E1 σ˜αβa Λβ1+ ∝ Eb ,
T 2α = −2iE2α ∧ E2β Λβ2 + iE2σ˜a ∧ E2 σaαβ Λβ2+ ∝ Eb . (3.33)
The bosonic equation for D0-brane in general supergravity background reads
Ki := −uiaD0Eˆa0 = 116 σ˜iαβ(tαβ −DαΛβ) + 7i8 (Λˆ2σ0iΛˆ1) =
= eΦˆRˆ0i + D̂iΦ+O(fermi2) , (3.34)
where
tαβ =
(
T̂α1 a
2
β + σ
0
αγ T̂
γ
2 a
2
β − T̂α1aδ1σ0δβ − σ0αγ T̂ γ2 aδ1σ0δβ
)
ua 0 . (3.35)
To arrive at the second line of Eq. (3.34), written explicitly up to the fermionic contribu-
tions, one has to use the explicit form of the dimension 1 target space torsion spin-tensors,
entering (3.35), and of the derivatives of fermionic superfield DαΛβ which can be found
in Appendix B.
4 M-branes in the superembedding approach
The basic superembedding equation describing the dynamics of M2- and M5-branes have
the same form (2.5), or equivalently (2.6). However, in these cases the fermionic super-
vielbein Eα is in the minimal 32–component D=11 Majorana spinor representation so that
the trick we used in the case of Dp-branes does not work and the relation between Eˆα and
the worldvolume superspace fermionic supervielbein form eαq is now more complicated.
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Notice that, when studying 11D M-branes (and also fundamental strings in D=10) it is
convenient to denote the fermionic supervielbein of the worldvolume superspace W (p+1|32)
by eαq,
eα of secs. 2,3 and 5 ←→ eαq of this sec. with


α = 1, . . . , sp ,
sp:=dim(Spin(1,p)) ,
q = 1, . . . , 16
sp
,
(4.1)
i.e. to split the 16-valued (multi)index of this fermionic one-form on the Spin(1, p) index
α (α = 1, 2 for M2- and α = 1, 2, 3, 4 for M5–brane) and the Spin(D − p − 1) index q
(q = 1, . . . , 8 form M2- and q = 1, . . . , 4 form M5-brane).
The fermionic supervielbein eβp induced by superembedding can be defined in terms
of the pull–back Eˆα of the D = 11 targets superspace fermionic supervielbein Eα with the
use of 16× 32 matrix vαβp of rank 16,
eβp = Eˆαvαβp . (4.2)
The simplest choice of vα
βp to be a 32×16 block of unity matrix clearly breaks SO(1, 10)
Lorentz symmetry (at least down to SO(1, 9) in which case we arrive at equation equiv-
alent to (3.1)). To preserve the 11D Lorentz symmetry we have to assume that vα
βp is a
32×16 matrix superfield. It is convenient to consider it as a 32×16 block of an Spin(1, 10)
group valued 32× 32 matrix superfield
V
(α)
β =
(
v αqβ , vβ αq˙
)
∈ Spin(1, 10) ,
{
α, β = 1, 2 ,
q = 1, . . . , 8 ,
for M2− brane , (4.3)
V
(α)
β =
(
v αqβ , vβ
q
α
)
∈ Spin(1, 10) ,
{
α, β = 1, 2, 3, 4 ,
q = 1, 2, 3, 4 ,
for M5 − brane . (4.4)
These spinor moving frame superfields (also called spinor Lorentz harmonics [54, 55, 56])
describe the spinor representation of the same SO(1, 10) Lorentz rotation the vector rep-
resentation of which is described by the moving frame variables (2.14) and, hance, carry
the same local degrees of freedom as the moving frame vectors8.
The Spin group, the double covering of the Lorentz group SO, is defined by the
conditions of the preservation of the gamma matrices. Hence the above mentioned relation
between vector and spinor moving frame variables (vector and spinor Lorentz harmonics)
of Eqs. (2.14) and (4.3) (or (4.4)) is given by
V Γ(a)V T = ΓbUb
(a) ⇒
{
V ΓaV T = Γbub
a ,
V ΓiV T = Γbub
i , (4.5)
or, equivalently, by
V T Γ˜aV = Γ˜(b)U(b)
a = Γ˜bub
a − Γ˜iuia . (4.6)
8These moving frame vectors can be identified with derivatives of the coordinate functions (see Eq.
(2.11)) so that one can either state that they are auxiliary fields which do not bring new dynamical
degrees of freedom, or, equivalently, say that they carry some ‘momentum’ part of degrees of freedom; in
other words, they are counterparts of momentum variable p in the first order formulation of the particle
mechanics S =
∫
dτpq˙ − ∫ dτe(p2 −m2)/2.
15
In the dimensions where the charge conjugation matrix C exists, including the cases of
D = 11 we are interested in here (but not in D=10 N = 1 and type IIB cases), the
condition of its conservation should be also listed among the defining relations of the
spinorial moving frame variables,
V CV T = C , V TC−1V = C−1 . (4.7)
These relations imply that the inverse spinor moving frame matrix V −1,
V −1(α)
β ≡ V(α)β :=
(
ivαq
β , ivαq˙
β
)
for M2 − brane , (4.8)
V −1(α)
β ≡ V(α)β :=
(
vαq
β , vαq
β
)
for M5 − brane , (4.9)
obeying
V
γ
(α) V
(β)
γ = δ
(β)
(α) =
{
diag(δα
βδq
p , δαβδq˙
p˙) for M2 − brane
diag(δα
βδq
p , δαβδq
p) for M5 − brane (4.10)
can be explicitly constructed from the original harmonic matrix (4.3) or (4.4), V −1 =
CV TC−1. In the case of M2 and M5 brane the components of the inverse matrices (4.8)
and (4.9) are defined by
vαq
α = Cαδǫαβvδ
βq , vαq˙
α = Cαδǫαβvδ βq˙ for M2− brane , (4.11)
vαq
α = iCαδCqpv
p
δ β , v
αα
q = iC
αδCqpv
αp
δ for M5 − brane , (4.12)
where Cαδ and Cqp are the D = 11 = 1 + 10 and d = 5 = 5 + 0 charge conjugation
matrices; see Appendix A for more details on our notation. Notice that we found more
convenient to introduce i =
√−1 in the definition of the inverse moving frame matrix
components (4.3) for the case of M2-brane, while in the case of M5-brane we introduced
it in the relation between the components of the inverse and the original moving frame
matrices (4.12). The latter choice looks more natural while the former is explained by
that in the case of p = 2 there exists the SL(2,R) = Spin(1, 2) invariant antisymmetric
tensor ǫαβ = iσ2 and its inverse ǫαβ = −iσ2 which can be used to rise and to lower the
SL(2,R) (SO(1, 2) spinorial) indices; then the use of notation similar to the one accepted
for M5-brane case might produce a confusion.
When the charge conjugation matrix does not exist (like in the D = 10 N = 1
case involving the Majorana–Weyl spinor representation) the inverse spinor moving frame
variables are defined just by the constraint V −1V = I (Eq. (4.10)), i.e. its dependence
on the original harmonics remains implicit.
As the spinor moving frame variables (spinor harmonics) (4.3) (or (4.4)) carry the same
local degrees of freedom as the vector harmonics (moving frame variables) (2.14), their
derivatives are expressed through the same generalized Cartan forms (2.15). To find this
one just notice that the Lorentz group SO(1, D−1) and its doubly covered Spin(1, D−1)
are locally isomorphic. Then isomorphic are the co-tangent and tangent space to these
groups, spin(1, D − 1) ≈ so(1, D − 1). In the case of SO(1, D − 1), the latter has the
natural basis described by the generalized Cartan forms Ω(a)(b) = uc
(a)DLuc(b), where
DL is Lorentz covariant derivative constructed with the use of target superspace spin
connection, DLu
(b)
a = du
(b)
c +ωa
cu
(b)
c . The isomorphism of spin(1, D− 1) and so(1, D− 1)
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algebras is described by the following universal (D–independent) relation between the
generalized Cartan forms of Spin(1, D − 1) and of SO(1, D− 1)
V −1DLV =
1
4
Ω(a)(b)Γ(a)(b) :=
1
4
(U−1DLU)(a)(b)Γ(a)(b)
=
1
4
ΩabΓab +
1
4
ΩijΓij − 1
2
ΩaiΓaΓ
i , (4.13)
where DLV = dV − 1
4
ωab ΓabV .
In superembedding approach it is convenient to consider the spinor moving frame
variables as homogeneous coordinates of the coset Spin(1,D−1)
Spin(1,p)⊗Spin(D−p−1)
, using the natural
Spin(1, p) ⊗ Spin(D − p − 1) gauge symmetry of the embedding of the worldvolume
superspace as an identification relation. In practical terms this implies that it is convenient
to rewrite Eq. (4.13) in terms of the Spin(1, D − 1)⊗ Spin(1, p)⊗ Spin(D − p− 1)-
covariant derivative D:
DV := dV − 1
4
ωab ΓabV − 1
4
V ΓabΩ
ab − 1
4
V Γij Ωij = −1
2
ΩaiV ΓaΓ
i . (4.14)
To specify further the above equations one needs to use explicitly an SO(1, p)×SO(D−
p− 1) invariant representation for the Γ–matrices
Γ(a) = (Γa,Γi) (4.15)
so that the further detail are p–dependent and will be discussed in the case-by-case man-
ner. The representation convenient for the study of M2- and M5-branes and useful rela-
tions for corresponding spinor moving frame variables can be found in Appendix A.
To conclude the general description of the spinor moving frame variables, let us notice
that their use is also inevitable when constructing superembedding approach to funda-
mental string [15] (see [58] for recent review and elaboration of a specific case of type IIB
superstring in AdS5 ⊗ S5 background).
4.1 Superembedding description of M2–brane (also known as
D=11 supermembrane)
In this section we will show how the dynamical M2–brane equations follow from the
superembedding equation (2.6) (equivalent to (2.5)) [15],
Eˆi := Eˆ au a
i = 0 . (4.16)
We have tried to make this section ‘closed’ so that it can be read independently; this
explains some repetitions of the statement of the previous sections.
The geometry of the worldvolume superspace is induced by superembedding. This
implies, in particular, that its bosonic supervielbein form and SO(1, 2)⊗SO(8) connection
are defined by (2.9) and (2.15). The fermionic supervielbein of the M2-brane worldvolume
superspace W(3|16) can be identified with, say, Eˆαq = Eˆβvβqα. Then,
Eˆαq := Eˆβvβqα = eαq , Eˆβq˙ := Eˆβvββq˙ = eαqhαq βq˙ + ebχb βq˙ . (4.17)
With such a conventional constraints, the lowest dimensional (dim 0) spin-tensorial com-
ponent of the integrability condition for superembedding equation, Eq. (2.18), reads
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γiqq˙hβp αq˙ + γ
i
pq˙hαq βq˙ = 0. The solution of this equation is trivial, hαq q˙
β = 0, so that Eqs.
(4.17) simplify to [15, 59]
Eˆαq = e
αq , Eˆβq˙ = e
bχb βq˙ . (4.18)
Using Eqs. (4.18), the tangent superspace torsion constraints (1.3), the conventional
constraints resumed in the first equation of (2.15) and the superembedding equation
(4.16), one finds that the bosonic torsion of the worldvolume superspace reads
Dea = 2ieαq ∧ eβqγbαβ − ieb ∧ ec χbγaχc . (4.19)
Now, the dimension 1/2, ∝ eb ∧ eαq component of Eq. (2.18) express the spinorial
component of Cartan form Ωai , Ω aiαq = 2iγ
i
qp˙χ
a
αp˙; the dim 1, ∝ eb∧ ec component implies
Ω[a b]
i = 0, which means that the pure bosonic component of the Ωai is symmetric, Ωb a
i =
Ω(a b)
i := u(a
cDb)uc
i = −D(aub)c uci and coincides with the (superfield generalization of
the) second fundamental form of the worldvolume superspace considered as a surface in
the target superspace, Eq. (2.19).
To resume, the dim 1/2 and 1 components of the integrability conditions (2.18) for
the superembedding equation (4.16) gives us the expression for the generalized Cartan
form Ωai in terms of the second fundamental form Kb
ai of Eq. (2.19), and in terms of
the fermionic superfield χbq˙
β = Eˆαb vαq˙
β := DbZˆ
M EMα(Zˆ) vαq˙β which, in this sense, is a
superpartner of the second fundamental form,
Ωai = 2ieαqγiqp˙χ
a
αp˙ + ebK
ab i , (4.20)
Ka b
i := −D(aEˆb)c uci , χbq˙β = Eˆαb vαq˙β := DbZˆM EMα(Zˆ) vαq˙β .
Now we turn to the selfconsistency conditions for the second equation in (4.18). It
reads
0 = D(Eˆαq˙ − ebχb αq˙) = Tˆ αvααq˙ − 1
2
eβp ∧ Ωai γaαβγipq˙ + ieβp ∧ eγpγbβγχbαq˙ +
+ieb ∧ ec χbγaχc χaβq˙ − eb ∧ Dχbβq˙ , (4.21)
where we have used the expression for the bosonic torsion of the worldvolume superspace
(4.19), as well as the expression for the derivative of the spinorial harmonic,
Dvααq˙ = −1
2
Ωai vα
βpγipq˙γaαβ , (4.22)
which appears as of the rectangular blocks of Eq. (4.14).
Taking into account the expression (4.20) for Ωai, one finds that the lowest dimensional,
∝ eβp∧eγp′ component of Eq. (4.21) reads−iγipq˙γip′p˙γaαβχaγp˙−iγip′q˙γipp˙γaαγχaβp˙+2iδp p′χaαq˙ =
0. The only consequence of this equation is that γaαβχ
a
γp˙ − γaαγχaβp˙ = 0 which is an
equivalent form of the fermionic equations
γ˜aαβχaβq˙ := γ˜
aαβEˆa
αvαβq˙ = 0 . (4.23)
Then, the dimension 1, ∝ eb∧eβp component of Eq. (4.21) is 0 = Dβpχbαq˙+vβpβTˆβaγvγ αq˙uba+
1
2
γipq˙γ
a
αβKab
i. Contracting this equation with γ˜bγα one finds
γipq˙Ka
aiδβ
γ = −2vβpαTˆαaδ vδ αq˙γ˜bαγuba − 2Dβp(γ˜aχaq˙)γ . (4.24)
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The last term vanishes due to the fermionic equation of motion (4.23), so that
γipq˙Ka
aiδβ
γ = −2vβpαTˆαaδ vδ αq˙γ˜bαγuba . (4.25)
The bosonic equations of motion are obtained by contracting this equation with 1/16γipq˙δγ
β.
It reads
Ka
ai := −DaEˆab ubi = −1
8
vβp
αγipq˙γ˜
bβαvδ αq˙ub
aTˆαa
δ . (4.26)
The fact that other irreducible parts of the r.h.s. of Eq. (4.25) vanishes, i.e. that
vβp
αTˆαa
δ vδ αq˙γ˜
bαγub
a ∝ γipq˙δβγ, might contain a nontrivial information on the geometry
of the D=11 superspace supergravity background. One can check that this is satisfied
identically for
Tβa
γ = − i
144
(
F c1c2c3c4Γac1c2c3c4 + 8Fac1c2c3Γ
c1c2c3
)
β
γ , (4.27)
which follows from the standard superspace constraints of D=11 supergravity [44, 45] by
studying the Bianchi identities. Using (4.27) one can obtain the more specific form of the
(superfield) bosonic equations of the M2-brane: Eq. (4.26) is equivalent to
Ka
ai =
1
3
F iabcε
abc , , (4.28)
where
F iabc := Fabcd(Zˆ)u
aiub
buc
cud
d . (4.29)
To make a contact with standard formulation of the supermembrane [1], let us notice
that, on the bosonic worldvolume, ignoring fermions, and writing equations in terms of
the induced metric (gmn = em
aean = Eˆm
aEˆna), one finds thatD
aEˆa
b = Dm(
√|g|gmnEˆnb) ,
where Dm is the SO(1, 9) covariant derivative on the worldvolume. Hence, Eq. (4.28)
coincides in this case with the standard supermembrane equation
Dm(
√
|g|gmnEˆnb) = − 1
3
ηba Fa bcdε
bcd , Fa abc := FabcdEˆb
bEˆc
cEˆd
d . (4.30)
contracted with the orthogonal harmonics ua
i (Ka
ai := −DaEˆabubi = Dm(
√|g|gmnEˆnb)ubi ).
The projection of the supermembrane equation onto the vector harmonics ub
a, tangential
to the worldvolume, DaEˆa
bub
b = ..., can be shown to be satisfied identically. This is
the Noether identity reflecting the reparametrization invariance of the supermembrane
(action and of the) equations of motion. Thus Eq. (4.28) is equivalent to the standard
supermembrane equation, Eq. (4.30) modulo fermionioc contributions.
Coming back, let us stress that Eq. (4.24) gives us the interrelation between the
fermionic and the bosonic equations, Eqs. (4.23) and (4.26) of supermembrane in gen-
eral D=11 superfield supergravity background. It shows that the bosonic equation of
motion of the M2-brane can be obtained as a second component in the decomposition
of the superfield generalization of the fermionic equation of motion on the Grassmann
coordinate.
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4.2 M5-brane in superembedding approach
The dynamics of M5-brane is also fixed by the superembedding equation (2.5) [5] equiv-
alent to (2.6),
Eˆi := Eˆ au a
i = 0 . (4.31)
The bosonic supervielbein of the worldvolume superspace is defined by (2.9) and the
worldvolume superspace SO(1, 5) and SO(5) connections - by (2.15). The fermionic
supervielbein of the M2-brane worldvolume superspace W(6|16) can be identified with,
say, Eˆαq := Eˆβvβαq. Then,
Eˆαq := Eˆβvβαq = eαq , (4.32)
Eˆqβ := Eˆαvαqβ = eαqhαβ + ebχb βq . (4.33)
To be more precise, the general decomposition of the second projection of the pull–back
of the target superspace fermionic supervielbein Eα reads Eˆαvαβq = eαphαp βq + ebχb βq.
However, as the further study shows anyway that hαp β
q = hαβδp
q, we have allowed ourself
to make a shortcut substituting this expression in Eq. (4.33) from the very beginning.
Eqs. (4.32) and (4.33) can be collected in
Eˆα = eβqVβqα(h) + eaχaβpvpβα , Vβpα(h) := vβpα + hβγvpγα . (4.34)
For the discussion below it is useful to notice that the ‘deformed harmonics’ Vβp
α(h) :=
vβp
α + hβγvp
γα obey (see Appendix A2 for our notation Γ-matrices representation and
γ–matrices properties)
ua
aub
bVβp
α(h)Γab αδVβp
δ(h) = 2i(γabh)[αβ]Cqp . (4.35)
The lowest dimensional (∝ eαq ∧ eβp) component of the integrability conditions for the
superembedding equation, Eq. (2.18), results in hαβ = hβα. As in d = 6 the basis of
symmetric spin tensor matrix is provided by γabcαβ (notice that γ
a
αβ = −γaαβ = 12ǫαβγδ γ˜aγδ
and γ(aγ˜b) = ηab; see [67] and Appendix A2 for more detail) so that
hαβ =
1
3!
habcγ
abc
αβ . (4.36)
As far as γabcαβ is anti-self-dual, γ
abc
αβ = − 13!ǫabcdefγdefαβ, the antisymmetric tensor habc in
(4.36) is self-dual,
habc =
1
3!
ǫabcdefh
def . (4.37)
An important property of the symmetric spin-tensor hαβ is (cf. (3.11))
hγ˜ah = γbkb
a , kb
a = −2hbcdhcda . (4.38)
One easily obtains this taking into account that, as a consequence of the self–duality
(4.37), the contraction of habc with γ˜
αβ
abc = +
1
3!
ǫabcdef γ˜
def αβ vanishes. Then hγ˜ah =
habc(γ˜bch) from which one easily arrives at (4.38).
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The appearance of a third rank antisymmetric self-dual tensor reflects the fact that
the linearized spectrum of the M5-brane includes the chiral two-form potential [68] i.e.
the two form 6d gauge field with the self-dual three form field strength. Beyond the
linear approximation, one finds that the gauge field strength tensor obeys a nonlinear
generalization of the self-duality condition [5, 8, 9].
The dim 3/2 and dim 2 components of the integrability condition Eq. (2.18) determines
the generalized Cartan form to be
Ωai = 2eαqγiqpχα
ap + ebK
ab i , (4.39)
where Kab i = Kab i is the second fundamental form defined as in Eq. (2.19) and γiqp =
−γiqp = 12ǫqprsγ˜i rs = −(γ˜i qp)∗ are the SO(5) Klebsh-Gordan coefficients (see Appendix A2
for their properties).
The bosonic torsion of the worldvolume geometry induced by superembedding reads
Dea = −ieαq ∧ eβpCqpγbαβmba + 2ieb ∧ eαqCqp(hγ˜aχbp)α + iec ∧ ebψqb γ˜aψpcCqp , (4.40)
where [5, 61]
ma
b = δa
b + ka
b = δa
b − 2hacdhbcd . (4.41)
Generically, this matrix is invertible (and not k of (4.38); cf. Eq. (3.11) in the case of
Dp-branes).
Now we could pass to studying the selfconsistency condition for the fermionic one-form
equation (4.33),
0 = D(Eˆβ
q − eαqhαβ − ebχb βq) = Tˆ αvαβq − i2eαp ∧ Ωaiγaαβ(γiC)pq − eαq ∧Dhαβ −
−eb ∧Dχb βq −Deαq hαβ −Deb χb βq , (4.42)
and obtain all the dynamical equation from this. In the second equality of (4.42) we have
used the second of the following two spinorial counterpart of Eqs. (2.15),
Dvα
αq =
i
2
Ωaivαβ
pγ˜βαa (γ
iC)p
q , Dvαα
q = − i
2
Ωaivβpα γ˜aβα(γ
iC)p
q , (4.43)
while the first one has to be used in calculation of fermionic torsion. Clearly, neither this
nor the equation (4.42) as a whole looks simple in general type II supergravity background.
However, the study may be simplified essentially if we use the presence of the above
mentioned two–form gauge field on the M5 worldvolume, generalize it to the superform b2
on the worldvolume superspace, impose the constraints on its generalized field strength
and study the corresponding Bianchi identities. This is the counterpart of imposing the
gauge field constraints on the worldvolume superspace of Dp-branes which we discussed
in Sec. 3.
The constraints on the 3-form field strength [5] can be written in the form
H3 := db2 − Cˆ3 = 1
3!
ec ∧ eb ∧ eaHabc , (4.44)
where Cˆ3 is the pull–back to W(6|16) of the three form gauge potential of the superspace
11D supergravity the field strength of which obeys the constraints
F4 := dC3 = 1
4
Eb ∧ Ea ∧ E ∧ ΓabE + 1
4!
Ed ∧ . . . ∧ EaFabcd . (4.45)
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The Bianchi identities
dH3 = −F4 (4.46)
result in the relation between the tensor field strength Habc and self-dual tensor habc of
Eqs. (4.36), (4.37) [5, 61]
ma
dHbcd = habc =
1
3!
ǫabcdefh
def (4.47)
as well as
DαqHabc = −6iCqp(hγ˜dψ[a)Hbc]d , (4.48)
D[aHbcd] = −3iCqp(ψ[aγ˜eψb)Hcd]e + 1
4
ua
a . . . ud
dFabcd(Zˆ) . (4.49)
Clearly, Eqs. (4.47), in the derivation of which one uses the identity (4.35), provides a
nonlinear generalization of the selfduality equation and, hence, imply dynamical equa-
tions of motion for the two–form gauge field b2. (To convince that this is the case, it is
sufficient to note that the standard self-duality implies that the linearized 2-form gauge
field equations of motion in d=6 are satisfied).
The above relatively simple derivation of the nonlinear selfduality equation (4.47)
gives one more example of the usefulness of introducing the worldvolume superspace
gauge potentials and studying the corresponding Bianchi identities for their constrained
field strengths. The details on derivation of the dynamical equations for the M5-brane
coordinate functions from the superembedding description can be found in the original
articles [5, 61, 62] and in the review [19]. The proof of their equivalence to the equations
of motion derived from the worldvolume action [8, 9] is the subject of [61, 62].
5 Multiple D0-brane equations from superembedding
approach.
It is the usual expectation that the action for a system of N Dp-branes will essentially
be a nonlinear generalization of the U(N) SYM action. In particular, the (purely bosonic
and not Lorentz invariant) Myers action [24] is of this type. Then the equations of
motion which should follow from a hypothetical supersymmetric and Lorentz covariant
generalization (or modification) of this action are expected to contain the SU(N) SYM
equations (U(N) = SU(N) × U(1)) while the center of mass motion is expected to be
described by a usual type of coordinate functions ZˆM(ξ) and by related equations for the
U(1) gauge fields (presumably coupled to the SU(N) equations). Notice that the center
of mass equations of motion (and equations for U(1) gauge fields which is expected to
be involved in the center of mass supermultiplet) are expected to be quite close to the
equations for a single Dp-brane, but with the single brane tension (mass) T replaced by
NT . In this section we review, following [22], the application of the superembedding
approach in search for such a supersymmetric equations.
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5.1 Non-Abelian N = 16, d = 1 SYM constraints on D0-brane
In [22] the worldvolume superspace of multiple D0-brane system was assumed to obey the
same superembedding equation (2.6) as in the case of single D–brane.
To motivate this, let us notice that the superembedding equation is pure geometrical.
It is stating, in its form of (2.5), that the pull–back of the target space bosonic vielbein
to the worldvolume superspace W(1|16) do not have projections on the fermionic vielbein
of W(1|16). Hence it is natural to assume that the center of mass motion of the system of
multiple D0-brane will also obey the superembedding equations.
Of course this is not a proof. But the universality of the superembedding equation,
which is valid for all extended objects studied till now in their maximal worldvolume
superspace formulations, and the difficulties one arrives at in any attempt to modify to
try to impose it, following [22], at least as an approximation (see concluding Sec. 6 for
more discussion on this).
As far as the superembedding equation puts the p < 6 Dp–brane models on the
mass shell, our superembedding approach to p < 6 NDp-brane model predicts that the
center of mass motion will be described the motion of single brane with tension N ·
T . Then, in the light of the above stated, and taking in mind that a good low energy
approximation to mutiple Dp-brane is given by maximally supersymmetric d = p + 1
U(N) SYM action, the only possibility to describe the multiple D0-brane system in the
framework of superembedding approach seems to be to consider a non-Abelian SU(N)
gauge field supermultiplet on the D0-brane worldvolume superspace W (1|16). (See [21] for
more discussion on a similar issue in the context of searching for hypothetical Q7-branes
[69].)
This can be defined by an su(n) valued non-Abelian gauge potential one form A =
e0A0 + e
αAα with the field strength
G2 = dA− A ∧A = 1
2
eα ∧ eβGαβ + e0 ∧ eβGβ0 (5.50)
which obeys the Bianchi identities
DG2 = dG2 −G2 ∧A+ A ∧G2 ≡ 0 . (5.51)
As in the Abelian case discussed in sec. 3, to get a nontrivial consequences for the structure
of the field strengths Gαβ , Gβ0 form Bianchi identities one has to impose constraints. A
natural possibilit y is
Gαβ = iσ
i
αβX
i , (5.52)
with some su(N) valued SO(9) vector superfield Xi. (See sec. 5.5 for discussion on
possible modification of this constraint). The Bianchi identities (5.51) are satisfied if Xi
obeys
DαX
i = 4i(σ0σ˜i)α
β Ψβ . (5.53)
and Gα0 = iΨα +
i
2
(σ0iΛ)αX
i. It is natural to call (5.53) superembedding–like equation
as it gives a matrix SU(N) gauge invariant generalization of the gauge fixed form of the
linearized superembedding equation (2.5) (this reads DαX
i =∝ (σ0σ˜i(Θ2−Θ1))α, see [3]).
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5.2 Multiple D0-brane equations of motion from d = 1 N = 16
SYM constraints. Flat target superspace.
Let us, for simplicity, consider the case of flat target type IIA superspace, in which,
on the mass shell of D0-brane, Ωi = 0, so that σ0αβ and σ
i
αβ are covariantly constants,
Dσ0αβ = 0 = Dσ
i
αβ . In this case the integrability conditions (D(βDα)X
i = ...) for Eq.
(5.53) result in
DαΨβ = −12σiαβD0Xi + 116σ0ijαβ [Xi , Xj] (5.54)
and the integrability conditions for Eq. (5.54), result in 1d Dirac equation of the form9
D0Ψβ +
1
4
[(σ0jΨ)β , X
j] = 0 . (5.55)
Applying the Grassmann covariant derivative Dα to the fermionic equations (5.55), one
derives, after some algebra, the following set of equations
D0D0X
i − 1
32
[[Xi , Xj ] , Xj] +
i
8
{Ψα,Ψβ} σ˜iαβ = 0 , (5.56)
[D0X
i,Xi]− 4i{Ψα,Ψβ} σ˜0αβ = 0 . (5.57)
Eq. (5.56) is a candidate bosonic equation of motion of multiple D0-brane system. Eq.
(5.57) has the meaning of Gauss low which appears in gauge theories as an equation
of motion for the time component of gauge potential (which usually plays the roˆle of
Lagrange multiplier).
5.3 Relation to D=10 SYM and M(atrix) model
The appearance of the counterpart of Gauss low (5.57), characteristic of gauge theory, is
not occasional. The point is that our equations appear to be the D = 10 SYM equations
dimensionally reduced to d = 1. The reason is that our constraints (5.52) for d = 1,
N = 16 SYM multiplet can be obtained as a result of dimensional reduction of D = 10
supersymmetric gauge theory. Indeed, the standard D = 10 SYM constraints imply
vanishing of spinor-spinor component of the field strength,
Fαβ := 2D(αAβ) + {Aα,Aβ} − 2iσaαβAa = 0 . (5.58)
Assuming independence of fields on the nine spacial coordinate, one finds that spacial
components Ai of the ten-dimensional field strength are covariant and can be treated as
scalar fields
Ai = X
i/2 . (5.59)
Then the minimal covariant field strength for d = 1 SYM can be defined as Gαβ :=
2D(αAβ) + {Aα,Aβ} − 2iσ0αβA0 and, due to the original D=10 SYM constraints (5.67),
this is equal to iσiXi, as in Eq. (5.52),
Gαβ := 2D(αAβ) + {Aα,Aβ} − 2iσ0αβA0 = iσiαβXi . (5.60)
9An important check on consistency is that the irreducible∝ σa
1
...a
5
part of this integrability conditions
is satisfied identically; its ∝ σ0 part gives (5.55), while ∝ σi part gives (5.55) times σ0i.
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The above observation is important, in particular, because it indicates the relation
with Matrix model [34]. Indeed, this is described by the Lagrangian obtained by dimen-
sional reduction of the D = 10 SYM down to d = 1 [34]. Actually, the d = 1 dimensional
reduction of the U(N) D = 10 SYM was the first model used to describe D0-brane
dynamics in [33] even before the nonlinear DBI+WZ action for super-Dp-branes where
constructed in [4, 6, 7]. Our superembedding approach description [22] differs from the
above mentioned U(N) SYM approximation by that it uses the SU(N) SYM to describe
the relative motion of the constituent branes, while the U(1) gauge field entering the mul-
tiplet describing the motion of the center of mass obeys the nonlinear Born-Infeld type
equations; also the coordinate function describing the embedding of worldline superspace
into the target superspace obey the nonlinear equations. Even if such a manifestly su-
persymmetric and Lorentz covariant description appeared to be only approximate, this
would be a wider applicable approximation the use of which might be productive.
In the light of identification (5.59) it becomes clear that the superembedding–like
equation for the SU(N)–valued superfield Xi (5.53) comes from the consequence Fαa =
2i(σaΨ˜)α (with Ψ defined by Ψ˜ =: σ˜
0Ψ) of the constraints (5.67) and thus provide the
general solution of the Bianchi identity
Iαβγ := D(αGβγ) + t(αβ
δGγ)δ + 4iσ
0
(αβGγ)0 = 0 (5.61)
in the present of these constraints.
To resume, for the multiple D0-brane system in flat target type IIA superspace the
worldline superspaceW(1|16) is flat and our superembedding approach results in equations
which are equivalent to the ones obtained as a result of dimensional reduction of D=10
SYM. However, it can also be used to describe the multiple D0-brane system in curved
supergravity background, where the way through 10D SYM dimensional reduction is
obscure.
5.4 Multiple D0-branes in curved type IIA background. Polar-
ization by external fluxes.
In the case of worldvolume superspace of D0–brane moving in curved target type IIA
superspace the calculations become more complex due to the presence of bosonic and
fermionic background superfields. For instance, instead of (5.54), one finds
DαΨβ = −12σiαβ + 116σ0ijαβ [Xi , Xj] + Λˆ1ǫΨδΣ1ǫδαβ + (Λˆ2σ0)ǫΨδΣ2ǫδαβ (5.62)
with spin-tensors Σ1,2
ǫδ
αβ possessing the properties σ
ab
δ
αΣ1,2
ǫδ
αβ ∝ σabβǫ andDγΣ1,2ǫδαβ ∝
Λ. We will not need an explicit form of these (we leave this and other details for future
publication) as our main interest here will be in the algebraic structure of the bosonic
equations of motion (see Appendix C for the structure of fermionic equations). Up to the
fermionic bilinears proportional to the fermionic background fields these bosonic equations
read
D0D0X
i − 1
32
[[Xi , Xj ] , Xj] +
i
8
{Ψα,Ψβ} σ˜iαβ = D0Xj Fj,i + 1
16
[Xj , Xk]Gjk,i + (5.63)
+O(Λˆ1,2 ·Ψ) +O(Λˆ1,2 · Λˆ1,2) .
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The SO(9) tensor coefficients Fj,i and Gjk,i in the r.h.s. of (5.63) are expressed in terms
of the NS-NS and RR fluxes by
Fj,i = q0D̂0Φδ
ij + p1Rˆ
ij + q2Hˆ
0ij . (5.64)
Gjk,i = p0δ
i[jD̂k]Φ+ q1δ
i[jRˆk]0 + p2Hˆ
ijk + q3Rˆ
0ijk , (5.65)
Here q0,1,2,3 and p0,1,2 are constant coefficients characterizing couplings to dilaton as well
as to electric and magnetic fields strength of the 1-form, 2-form and 3-form gauge fields;
the RR field strength are defined by R2n+2 = dC2n+1 − C2n−1 ∧ H3 and the 3-form field
strength of the NS-NS 2-form gauge field is simply H3 = dB2.
Notice that the center of mass motion is factored out and is described by the single
D0-brane equations (3.34),
Ki := D0D0Xˆ
i + ... = eΦˆRˆ0i + D̂iΦ +O(fermi2) , (5.66)
where Xˆ i := ZˆMEaM(Zˆ)ua
i = Xˆaua
i + .... Comparing Eq. (5.66) with Eq. (5.63) we see
that the multiple D0-branes, as described by this equation, acquire interaction with higher
form ’electric’ and ’magnetic’ fields Hˆ0ij := Habc(Zˆ)u
a0ubiucj , H ijk := Habc(Zˆ)u
aiubjuck,
Rˆ0ijk := Rabcd(Zˆ)u
a0ubiucjudk. As one D0-brane does not interact with these background,
one may say that the multiple D0-brane system is ’polarized’ by the external fluxes such
that the interaction with higher brane gauge fields is induced, much in the same way as
neutral dielectric is polarized and, due to this polarization, interacts with electric field.
This is the famous ’dielectric brane’ effect first observed by Emparan [23] and then by
Myers in his purely bosonic nonlinear action [24].
5.5 Possible deformation of the constraints and superembed-
ding equations
The relation of our description of multiple D0-brane system with the dimensional reduc-
tion of SU(N) SYM model suggests a possible existence of modifications of our d = 1
N = 16 SYM constraints (5.52). What one can certainly state is that such a modification
exists for the case of multiple D0-brane system in flat target superspace.
Indeed, according to [63, 64] the most general deformation of the D = 10 SYM con-
straints by contributions of the fields of SYM supermultiplet at the order (α′)2 reads10
Fαβ = β(σ
aΨ˜)α(σ
bΨ˜)βFab , (5.67)
where β is a constant proportional to the second power of the Regge slop parameter, β ∝
(α′)2, and Ψ˜ is the basic superfield strength of the D = 10 SYM multiplet. This appeared
in the equation Fαa = 2i(σaΨ˜)α which follows from the standard SYM constraints Fαβ = 0.
Of course, when the dim 1 constraint becomes (5.67), the dim 3/2 equation also gets
modified by ∝ β contributions, Fαa = 2i(σaΨ˜)α +O(β).
The dimensional reduction of the deformed SYM theory characterized by the con-
straints (5.67) implies the following constraints for the minimal field strength of the di-
mensional reduced d = 1 theory
Gαβ = iσ
i
αβX
i − βΨ(α(σ0iΨ)β)D0Xi + β
4
(σ0iΨ)α(σ
0jΨ)β[X
i,Xj] , (5.68)
Ψ = σ0Ψ˜ . (5.69)
10The author thanks Linus Wulff for useful discussions on the SYM deformations.
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This can be used now as a constraint for d = 1, N = 16 SYM model leaving on the
worldline of a D0-brane moving in flat targets superspace (as such a superspace is flat).
This, in its turn, implies the following modification of the superembedding–like equation
(which can be obtained by dimensional reduction of the consequence Fαa = 2i(σaΨ˜)α +
O(β) of the modified constraint (5.67)),
DαX
i = 4i(σ0iΨ)α + 3iβσ˜
i βγD(α
(
Ψβ(σ
0iΨ)γ)D0X
i +
1
4
(σ0iΨ)β(σ
0jΨ)γ)[X
i,Xj]
)
. (5.70)
Even leaving aside the question of whether a counterpart of such modification can
be found for the case of D0–brane worldvolume moving in an arbitrary curved type IIA
supergravity background, one sees that these constraints are too complex. It is very hard
to deal with them, at least without use of a computer programm (see [65] for an efficient
use of computer programmes in superfield calculations).
Then, even if our formulation of superembedding approach to multiple D-brane system
based on superembedding and superembedding–like equation as well as on the constraints
(5.52) is approximate, it promises to be an efficient approximation to study such a systems.
Following [22], we have proved that such approach exists and is consistent in the case of
multiple D-particle (D0-brane) system. An important problem is to understand whether
it can be extended to type IIB multiple D-strings (D1-branes), D-membrane (D2–brane)
and higher Dp-brane systems.
6 Conclusion and discussions
In this contribution we review superembedding approach to D-branes and M-branes [15, 3,
5] as well as its recent application [22] to searching for the covariant and supersymmetric
equation for multiple D-brane systems.
We begin by general review of the superembedding approach to Dp-brane, which
happens to be simpler because, at least on the level of details of present contribution,
it does not require introducing the spinor moving frame variables (see [57] where one
can see the stage on which the introduction of these variable is hardly possible without
breaking the Lorentz invariance). Then we review superembedding approach to M2-
and M5-brane, where the spinor moving frame variables do play essential roˆle. In our
review of superembedding description of D- and M-branes we put an emphasis first on
the universality of the superembedding equation which, for the most interesting cases
of M2-, M5- and Dp-branes with p < 6 specify completely not only the worldvolume
superspace geometry but also the dynamics of the brane. We also stressed the usefulness
of introducing the worldvolume superspace gauge forms corresponding to the worldvolume
gauge fields and studying the Bianchi identities for their constrained field strength. This is
inevitable for Dp-branes with p > 5 but also very convenient for the branes the dynamics
of which is completely specified by superembedding equation. The superfield description
of the worldvolume gauge fields for a single D-brane (and chiral two form gauge field of
M5-brane) suggests to try to describe a multiple Dp–brane system by putting an additional
non-Abelian SU(N) gauge supermultiplet, described by a set of worldvolume superspace
constraints, on the worldvolume superspace of a single Dp-brane.
In sec. 5 we, following [22], apply superembedding approach to search for the mul-
tiple D0–brane equations on this line. We show that for the case of arbitrary (on-shell)
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type II supergravity background the dynamical equations obtained from the superem-
bedding approach describe the coupling of multiple D0–branes to the higher NS-NS and
RR fluxes (H0ij, H ijk and R0ijk). Thus our equations of motion show the ’polarization’
of multiple D0-brane system which generates charges characteristic for higher D-brane.
This is the content of the so-called ’dielectric brane effect’ [23, 24] characteristic for the
(purely bosonic) Myers action [24]. Further study of these equations and of possible re-
strictions which they might put on the pull–back of background fluxes to the worldline is
an interesting problem for future study.
In the case of flat tangent superspace, when the background fluxes vanish, the d=1,
N=16 worldvolume superspace of D0–brane is flat and the dynamical equations for the
relative motion of D0-brane ’constituents’, which follows from the superembedding ap-
proach, are those of the D=10 SU(N) SYM dimensionally reduced down to d = 1. They,
thus, essentially coincide with what had been used for the very low energy description of
multiple D0–brane system [33] and with the Matrix model [34].
The purely bosonic limit of our equations is clearly simpler than the equations follow-
ing from the Myers action [24]. It is tempting to propose that this simpler but covariant
and manifestly supersymmetric equations, together with the single D0–brane equation de-
scribing the center of mass motion, actually give the ’complete’ description of the multiple
D0-brane system [22]. Furthermore, as we have already stressed, these give the completely
supersymmetric and Lorentz invariant description of the ’dielectric brane effect’. The ad-
vantage of this description is that it is supersymmetric and also Lorentz invariant, while
the Myers proposal [24] does possess neither of these symmetries expected for a system
of multiple Dp-branes11.
However, the existence of the deformation of our equations for the case of multiple D0
in flat target type IIB superspace, which follows from the existence of the deformation of
the 10D SYM equations in flat D = 10 N = 1 superspace, suggests to allow the possible
existence of deformation of our equations. However, one sees that the deformed multiple
D0 equations in flat target type IIB superspace, the explicit form of which is presently
available, are very complicated and its use looks inefficient (at least without the using
computer programs).
Then, even if approximate, our superembedding description based on superembedding
and superembedding-like equation plus simplest gauge field constraints, might provide
useful approximation of nearly-coincident multiple branes, which goes beyond the U(N)
SYM description as far as the fields related to the center of mass motion are allowed to
be strong.
As we have mentioned in the text, a very interesting boundary fermion approach to the
description of multiple Dp-branes was developed by Howe, Lindsrom and Wulff in [25, 26].
Presently the top-line result of this approach is the supersymmetric action possessing
the kappa symmetry on the classical (or ’minus one quantization’) level, i.e. before
quantizing boundary fermions [26]. However, the parameter of this κ–symmetry depends
on the boundary fermions which implies, as noticed already in [26], that quantization of
boundary fermions should result in an action possessing a non-Abelian κ–symmetry. The
11Let us recall that the Myers action was (and is) motivated by that it is derived from T-duality. The
starting point for the corresponding chain of duality transformations is the purely–bosonic D=10 non-
Abelian Born-Infeld action based on the symmetric trace prescription [37] for the ordering of the SYM
field strength operators. Notice, however, that supersymmetric generalization of these 10D symmetric
trace BI action is not known.
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previous attempts to construct the models with non-Abelian κ–symmetry gave negative
results [66]. Actually, this requirement of non-Abelian κ–symmetry comes from the fact
that all the coordinate functions in the approach of [25, 26] depend on the boundary
fermions so that, after quantization, all the coordinate functions become matrices and,
to remove the extra unwanted (p+ 1) bosonic and 16 fermionic components one needs to
have the reparametrization and κ–symmetry with matrix parameters.
The problem with non-Abelian κ–symmetry appears at (α′)4 order [66]. Probably, the
further development of the boundary fermion approach will help to resolve it. However,
even if it were confirmed that the non-Abelian κ–symmetric DBI action is impossible to
construct using the natural multibrane degrees of freedom, this would not imply that the
approach of [26] is incorrect. It certainly provides a complete classical description of string
theory with D-branes (or, better, ’pre-classical’, see below). However, the consequent
quantization of such a model implies simultaneous quantization of both the boundary
fermions and coordinate functions. This would result in an appearance of not only the
Dp-brane worldvolume fields, but also of the bulk supergravity fields and massive string
state. A search for a Myers–like non-Abelian DBI-like action in this perspective is refor-
mulated as search for a way to quantize only the boundary fermions leaving the classical
description of the branes by coordinate functions untouched. Even if it happened that
such a description is impossible to realize in its complete form, this could not be treated
as incorrectness of the boundary fermion approach [26], which gives a complete descrip-
tion of string theory Dp–branes, but on the ’minus one quantized’ level (considering the
standard description of single Dp-brane to be classical).
In our more traditional, but probably approximate, superembedding approach de-
scription of multiple brane systems only the coordinate (super)fields corresponding to the
center of mass motion are transformed by the target space Lorentz group transforma-
tions and 32 component target space supersymmetry. The relative motion of constituent
branes is described by the SU(N) SYM multiplet, involving in addition to d = (p + 1)
dimensional gauge potentials, only (9 − p) su(N)–valued matrix scalars Xi the Grass-
mann derivative of which is expressed through the 16 fermionic su(N)–valued matrix
spinors Ψα. The leading components of the superfields X
i and Ψα correspond to a non-
Abelian generalization of the static gauge coordinate functions so that neither non-Abelian
reparametrization invariance nor non-Abelian κ–symmetry is needed to reach the balance
of degrees of freedom characteristic for a supersymmetric theory.
To conclude, the existence of supersymmetric deformations of the SYM constraints in
flat target superspace suggests that our choice of basic equations, including the superem-
bedding equation and the constraints on the worldvolume SU(N) SYM field strength,
might be not unique also for the case of curved worldvolume superspace of a D–brane
moving in a nontrivial supergravity background. However, we hope that even in this case,
an approximate description given by our superembedding approach, corresponding to a
low energy of relative motion and of the non-Abelian gauge field corresponding to it, but
unrestricted (in the frame of DBI approximation) nonlinear description of the U(1) gauge
fields and coordinate functions corresponding to the center of mass motion, can be useful
in future development of the fields.
Such a description in the frame of superembedding approach has been shown to be
allowed for p = 0 case, i.e. for the multiple Dp-brane systems. An important problem is
to check whether such a description is possible for higher branes. It is natural to begin
with the simplest cases of multiple type IIB D1 and type IIA D2-brane systems. If the
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answer for the second case happens to be affirmative, one can also search for similar
superembedding description for the nearly coincident M2 branes which, if exists, should
be related with the Bagger-Lambert–Gustavsson [70] and Aharony–Bergman–Jafferis–
Maldacena [71] models.
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Appendix A. Convenient representations for 11D Dirac
matrices
A1. SO(1, 2) ⊗ SO(8) invariant representation for D = 11 Dirac
matrices
In superembedding description for M2-brane we use the following SO(1, 2)⊗SO(8) invari-
ant representations for the eleven dimensional gamma matrices and charge conjugation
matrix
(Γa)α
β ≡ (Γa,Γi) , a = 0, 1, 2 , i = 1, . . . , 8 ,
(Γa)α
β ≡ (Γ0, Γ9, Γ10) ≡ (Γ0,Γ1,Γ2) =
(
γa βα δqp 0
0 −γaβαδq˙p˙
)
,
(Γi)α
β ≡ (Γ1, . . . ,Γ8) =
(
0 −iǫαβγiqp˙
−iǫαβ γ˜iq˙p
)
.
Cαβ = −Cβα = diag (iǫαβδqp, iǫαβδq˙p˙) , Cαβ = diag (−iǫαβδqp, − iǫαβδq˙p˙) . (A.1)
Here γaα
β and γiqq˙ are the SO(1, 2) Dirac matrices and SO(8) Pauli–matrices (Klebsh-
Gordan coefficients), respectively. Some of their useful properties are
γaαβ := −iγaαγǫγβ = γaβα = γa(αβ) , γ˜αβa := iǫαγγaγβ = γ˜(αβ)a , ǫαγǫγβ = δαβ ,
γab = −iǫabcγc , γaαβγ˜γδa = 2δ(αγδβ)δ , (A.2)
γ˜ip˙q := γ
i
qp˙ , γ
i
qp˙γ
j
qp˙ + γ
j
qp˙γ
i
qp˙ = 2δ
ijδqp , γ
i
pq˙γ
j
pp˙ + γ
j
pq˙γ
i
pp˙ = 2δ
ijδq˙p˙ ,
γiqq˙γ
i
pp˙ = δqpδq˙p˙ +
1
4
γijqpγ˜
ij
q˙p˙ ⇒ γi(q|q˙γi|p)p˙ = δqpδq˙p˙ = γiq(q˙|γip|p˙) . (A.3)
Notice that both 11D and 3d Dirac metrices are imaginary in our mostly minus signature
conventions,
ηab = diag(+,−, . . . ,−) , ηab = diag(+,−,−) . (A.4)
Now we are ready to specify the relations (4.5) and (4.6) for the spinor moving frame
variables adapted to the (super)embedding of the M2-brane worldvolume (superspace):
δqpγ˜
αβ
a u
a
a = v
αqΓ˜av
βp = −vαqΓavβp , (A.5)
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δq˙p˙γaαβu
a
a = vαq˙Γ˜avβp˙ = −vαq˙Γavβp˙ , (A.6)
δαβγ
i
qp˙u
i
a = −vαqΓ˜avβp˙ = vαqΓavβp˙ , (A.7)
and
u ab Γ
b
αβ = v
αq
α (γa)αβv
βq
β + vααq˙(γa)αβvββq˙ , (A.8)
u ib Γ
b
αβ = −2v(α|αqγiqq˙v|β) αq˙ . (A.9)
An equivalent form for the set of relations (A.10), (A.11) is
u ab Γ˜
bακ = −vαqα γ˜aαβvβqκ − vαq˙ α γaαβvβq˙ κ , (A.10)
u ib Γ˜
b αβ = 2vαq (α|γiqq˙vαq˙
|β) . (A.11)
Another useful equation is the following ‘unity decomposition’
δβ
α = i(vβ
αqvαq
α + vβαq˙v
ααq˙) , (A.12)
The difference of the contractions of the same rank 16 blocks, vβ
αqvαq
α−vβαq˙vααq˙, defines
the matrix
Γ¯αβ :=
i
3!
εabc(Γu
aubuc)αβ =
i
3!
εabc(vαq
αγ˜abc αβvβq
γ + vαq˙ αγabcαβ v
βq˙ γ)Cγβ =
= −i(vβαqvαqα − vβαq˙vααq˙) (A.13)
entering the κ–symmetry projector of the standard formulation of M2-brane [1].
A2. SO(1, 5) ⊗ SO(5) invariant representation for D = 11 Dirac
matrices
In the superembedding description of M5-brane we use the following SO(1, 5) ⊗ SO(5)
invariant representations for the eleven dimensional gamma matrices and charge conju-
gation matrix
(Γa)α
β ≡ (Γa,Γi) , a = 0, 1, . . . , 5 , i = 1, . . . , 5 ,
(Γa)α
β =
(
0 −iγaαβδqp
+iγ˜a αβδq
p
)
,
(Γi)α
β ≡ (Γ1, . . . ,Γ8) =
(
(γiC)q
pδα
β 0
0 −(γiC)qpδαβ
)
Cαβ = −Cβα =
(
0 −iδαβCqp
−iδαβCqp 0
)
, Cαβ =
(
0 iδα
βCqp
iδαβC
qp 0
)
. (A.14)
The SO(1,5) generalized Pauli matrices (SU∗(4) Klebsh Gordan coefficients) are antisym-
metric γaαβ = −γaβα = γa[αβ], γ˜αβa = −γ˜βαa = γ˜[αβ]a and possesses the following properties
(γ(aγ˜b))α
β = ηabδα
β , ηab = diag(+,−,−,−,−,−) , γ˜αβa =
1
2
ǫαβγδγaγδ
γaαβγ˜
γδ
a = −4δ[αγδβ]δ , γaαβγaγδ = −2ǫαβγδ , γabcdef αβ = ǫabcdefδαβ
γabcαβ = γ
abc
(αβ) = − 1
3!
ǫabcdefγdef αβ , γ˜
abcαβ = γ˜abc(αβ) =
1
3!
ǫabcdefγαβdef . (A.15)
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They are pseudo-real in the sense that the conjugate matrices γa∗
α˙β˙
:= (γaαβ)
∗ are expressed
through γaαβ with the use of a matrix Bα
α˙ [67] obeying BB∗ = −I,
(Bγa∗BT ) := Bα
α˙γa∗
α˙β˙
Bβ
β˙ = γaαβ , (B
∗T γ˜a∗B∗) := B∗α˙
αγ˜a∗α˙β˙Bβ
β˙ = γaαβ , (A.16)
Bα
β˙B∗β˙
β = −δαβ .
The properties of the SO(5) Klebsh-Gordan coefficients (generlizaed Pauli matrices)
and of the charge conjugation matrix are
γiqp = −γipq = −(γ˜iqp)∗ =
1
2
ǫqprsγ˜
i rs , i = 1, . . . , 5 , q, p, r, s = 1, . . . , 4 ,
γiγ˜j + γjγ˜i = 2δijδq
p , γiγ˜j − γj γ˜i =: 2γijqp , (A.17)
Cqp = −Cpq = −(Cqp)∗ = 1
2
ǫqprsC
rs , CqrC
rp = δq
p ,
Cγ˜iC = −γi , CγiC = −γ˜i , (A.18)
γiqpγ˜
irs = −4δ[qrδp]s − CqpCrs , γiqp γirs = −2ǫqprs − CqpCrs . (A.19)
These properties can be deduced from the properties of SU(4) Klebsh-Gordan coeffi-
cients γIji, γ˜
I ij, I = 1, . . . , 6,
γIqp = −γIpq = −(γ˜Iqp)∗ =
1
2
ǫpqrsγ˜
I rs , I = 1, . . . , 6 , p, q, r, s = 1, . . . , 4 , (A.20)
γI γ˜J + γJ γ˜I = 2δIJδq
p , γI γ˜J − γJ γ˜I =: 2γIJqp , (A.21)
γIqpγ˜
Irs = −4δ[qrδp]s , γIqp γIrs = −2ǫqprs , (A.22)
after identification γIqp = (γ
i
qp, Cqp), i = 1, ..., 5.
The relations (4.5) and (4.6) for the spinor moving frame variables adapted to the
(super)embedding of the M5-brane worldvolume superspace are given by
vαqΓ˜av
βp = ua
bγ˜b
αβCqp , vαqΓavβp = ua
bγbαβCqp , (A.23)
vα
qΓ˜avβ
p = −uabγb αβCqp , vqαΓavpβ = −uabγ˜bαβCqp , (A.24)
vαqΓ˜av
p
β = iua
iγ˜iqpδαβ , vαqΓav
β
p = −iuaiγiqpδαβ , (A.25)
and
u ab Γ
b
αβ = v
αq
α (γa)αβv
βp
β Cqp − vααqγ˜αβa vββpCqp , (A.26)
u ib Γ
b
αβ = 2iv(α|
αqγiqpv|β)α
p , (A.27)
as well as
u ab Γ˜
bαβ = vαq
α γ˜aαβvβp
βCqp − vqαα γaαβv
ββ
p C
qp , (A.28)
u ib Γ˜
b αβ = −2iv (α|αq γ˜i qpvpα|β) . (A.29)
The ‘unity decomposition’ reads simply as
δβ
α = vβ
αqvαq
α + vβα
qvααq , (A.30)
32
but the components of the inverse spinor moving frame matrix, vαq
α and vααq are expressed
through vβ
αq and vβα
q by (4.12).
The derivatives of spinor moving frame variables are expressed through the generalized
Cartan forms by
Dvα
αq = i
2
Ωaivαβ
pγ˜βαa (γ
iC)p
q , Dvαq
α =
i
2
Ωaiγaαβ(γ
iC)q
pvβαp , (A.31)
Dvαα
q = − i
2
Ωaivβpα γ˜aβα(γ
iC)p
q , Dvq
αα = − i
2
Ωaiγ˜αβa (γ
iC)q
pvβp
α . (A.32)
Appendix B. Some details on type IIA supergravity
superspace.
The type IIA superspace geometry was worked out in [47]. Here we present some equations
in our present notation.
Fermionic torsion of general type IIA supergravity superspaces reads
T α1 = 1
2
Eb ∧ EaTabα1 + Ea ∧ EβTβaα1 − 2iEα1 ∧ Eβ1Λβ1 + iE1σa ∧ E1 σ˜αβa Λβ1 ,
T 2α =
1
2
Eb ∧ EaTab2α + Ea ∧ EβTβa2α − 2iE2α ∧ E2β Λβ2 + iE2σ˜a ∧ E2 σaαβ Λβ2 , (B.1)
where
Eβ = (Eβ1, Eβ2) , Λβ1 = i
2
Dβ1Φ , Λ
β
2 =
i
2
Dβ2Φ , (B.2)
and
Tβ1 a
γ1 = −1
8
Habc(σ
bc)β
γ = T γ2 a β1 , (B.3)
Tβ1 a γ
2 =
eΦ
8 · 2!Rbc(σaσ˜
bc)βγ − e
Φ
8 · 4!Rbcde(σaσ˜
bcde)βγ +
+
i
8
Λ2σbcΛ1 (σaσ˜
bc)βγ − 3i
16 · 4!Λ2σbcdeΛ1 (σaσ˜
bcde)βγ , (B.4)
T β2 a
γ 1 =
eΦ
8 · 2!Rbc(σ˜aσ
bc)βγ +
eΦ
8 · 4!Rbcde(σ˜aσ
bcde)βγ +
+
i
8
Λ2σbcΛ1 (σ˜aσ
bc)βγ +
3i
16 · 4!Λ2σbcdeΛ1 (σ˜aσ
bcde)βγ . (B.5)
The Riemann curvature 2-form of the type IIA superspace is expressed through the
above dim 1 torsion components and through the dim 3/2 ones by the solution of Bianchi
identities,
Rab := dωab − ωac ∧ ωcb = 2iEα1 ∧ Eβ1σ[aγ(αTβ)1b] γ1 + 2iE2α ∧ E2β σ˜[aγ(αT β)2 b]2γ +
+4iEα1 ∧ E2β
(
σ[aγαT
β
2
b]γ1 + σ˜[a| γβTα1
|b]2
γ
)
+
+Ec ∧ Eα1 (2iTc[a| β1σ|b]βα − iT abβ1σc βα)+
+Ec ∧ E2α
(
2iTc
[a| 2
β σ˜
|b]βα − iT ab 2β σc βα
)
+
1
2
Ed ∧ Ec Rcdab . (B.6)
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The following equations are also useful
Dα1Λβ1 :=
i
2
Dα1Dβ1Φ = −1
2
σ
a
αβDaΦ+
1
4!
(
Habc − i
2
Λ1σ˜abcΛ1
)
σ
abc
αβ , (B.7)
Dα2Λ
β
2 :=
i
2
Dα2D
β
2Φ = −
1
2
σ˜a αβDaΦ+
1
4!
(
Habc +
i
2
Λ2σabcΛ2
)
σ˜abcαβ , (B.8)
Dβ2Λα1 :=
i
2
Dβ2Dα1Φ = (t− iΛ2Λ1) δαβ +
3
16
(
eΦRab + 2iΛ2σabΛ1
)
σ˜abα
β +
+
1
8 · 4!
(
eΦRabcd +
3i
2
Λ2σabcdΛ1
)
σ˜abcdα
β
= −Dα1Λβ2 := −
i
2
Dα1D
β
2Φ . (B.9)
Appendix C. Structure of fermionic equations for mul-
tiple D0-brane system in the presence of fluxes
The fermionic equations of motion which follows from our superembedding description of
multiple D0-brane system in general type IIA supergravity background have the structure
of [22]
7
8
(
D0Ψ− 1
4
[Xi , (σ0iΨ)]
)
= (eΦˆRˆ0i + D̂iΦ)(σ0iΨ) +
1
64
Hˆ0ijσ0kσijσ0kΨ−
− 1
64
σ0k
(
− 1
2!
eΦˆRˆbcσ
bc − 1
4!
eΦˆRˆbcdeσ
bcde
)
σ0kΨ+
+ D0X
i
(
a1σ
0iΛˆ1 + a2σ
iΛˆ2
)
+
+
1
16
[Xi,Xj ]
(
b1σ
ijΛˆ1 − b2σ0ijΛˆ2
)
+
+ O(Λˆ1,2 · Λˆ1,2 ·Ψ) (B.10)
with some constants a1,2 and b1,2.
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